Background: The optimal surgical management of patients in end stage chronic renal failure with secondary hyperparathyroidism is controversial. One approach advocated is four gland parathyroidectomy without reimplantation. The aim of this study was to review the medium term results of this procedure. Methods: Fifty four consecutive patients with end stage chronic renal failure and secondary hyperparathyroidism who had a four gland parathyroidectomy without reimplantation were studied. The procedure was performed by a single surgeon with a median (range) follow up of 29 (0-70) months. Results: Most patients (76%) developed postoperative hypocalcaemia but this was easily treated and doses of long term drugs necessary to prevent this were low. Pre-operative bone symptoms, hypercalcaemia, hyperphosphataemia, and an increased alkaline phosphatase were improved or resolved in most patients. Thirteen (24%) patients had an undetectable postoperative parathyroid hormone (PTH), (6 of 12 (50%) with a functioning renal transplant and 7 of 42 (17%) who required dialysis, p = 0.02). Median (range) postoperative PTH values in these groups were 0.1 (0.1-31) compared with 1.0 (0.1-24) pmol/l (p = 0.085) respectively. The remaining 41 of 54 (76%) patients had residual PTH secretion and postoperative hyperparathyroidism was identified in eight (15%) patients with only two requiring neck reexploration. Conclusion: Four gland parathyroidectomy without reimplantation produced good medium term biochemical and clinical results. Most patients had minor residual PTH secretion that may contribute to this and mitigate concerns regarding adynamic bone disease. Endogenous PTH secretion is only completely lost in a few patients but occurs more often in those with a functioning renal transplant. Bone densitometry is required to investigate the long term impact of this procedure.
Background: The optimal surgical management of patients in end stage chronic renal failure with secondary hyperparathyroidism is controversial. One approach advocated is four gland parathyroidectomy without reimplantation. The aim of this study was to review the medium term results of this procedure. Methods: Fifty four consecutive patients with end stage chronic renal failure and secondary hyperparathyroidism who had a four gland parathyroidectomy without reimplantation were studied. The procedure was performed by a single surgeon with a median (range) follow up of 29 (0-70) months. Results: Most patients (76%) developed postoperative hypocalcaemia but this was easily treated and doses of long term drugs necessary to prevent this were low. Pre-operative bone symptoms, hypercalcaemia, hyperphosphataemia, and an increased alkaline phosphatase were improved or resolved in most patients. Thirteen (24%) patients had an undetectable postoperative parathyroid hormone (PTH), (6 of 12 (50%) with a functioning renal transplant and 7 of 42 (17%) who required dialysis, p = 0.02). Median (range) postoperative PTH values in these groups were 0.1 (0.1-31) compared with 1.0 (0.1-24) pmol/l (p = 0.085) respectively. The remaining 41 of 54 (76%) patients had residual PTH secretion and postoperative hyperparathyroidism was identified in eight (15%) patients with only two requiring neck reexploration. Conclusion: Four gland parathyroidectomy without reimplantation produced good medium term biochemical and clinical results. Most patients had minor residual PTH secretion that may contribute to this and mitigate concerns regarding adynamic bone disease. Endogenous PTH secretion is only completely lost in a few patients but occurs more often in those with a functioning renal transplant. Bone densitometry is required to investigate the long term impact of this procedure. S econdary hyperparathyroidism is a common complication of end stage renal failure (ESRF) and despite improved medical management, 0.67%-1.4% of dialysis dependent patients require parathyroidectomy annually. 1 The pathophysiological stimulus causing hyperparathyroidism persists throughout the lifetime of these patients but is temporarily abated by a functioning renal transplant (mean cadaveric half life 13.7 years). 2 Both subtotal parathyroidectomy and total parathyroidectomy with reimplantation leave a significant amount of parathyroid tissue in situ that may in turn become hyperplastic producing recurrent hyperparathyroidism. 3 4 Re-explorations of the neck and surgery on appendicular intramuscular parathyroid tissue are complicated and can cause significant morbidity. [5] [6] [7] In view of this total parathyroidectomy without reimplantation has been advocated. 8 Most people have four parathyroid glands with only 2%-6% having five or more. 9 Therefore most patients who have a four gland parathyroidectomy have had a total parathyroidectomy. The important criticism of this approach is that a complete absence of parathyroid hormone (PTH) may cause severe postoperative hypocalcaemia, a long term requirement for excessive treatment to correct this, and in addition may prevent the normal physiological mineralisation and turnover of bone resulting in adynamic bone disease. [10] [11] [12] The aim of this study was to review the clinical results from this procedure in the medium term to assess the efficacy of this approach.
METHODS

Study population
Fifty four consecutive ESRF patients who underwent four gland parathyroidectomy without reimplantation between 1994 and 1999 were studied. The 41 dialysis dependent patients and five patients who underwent this procedure before receiving a successful renal transplant had secondary hyperparathyroidism. The seven patients who had hyperparathyroidism that persisted after successful renal transplantation presumably had tertiary hyperparathyroidism at the time of parathyroidectomy. Table 1 shows patient characteristics, current renal replacement strategy, preoperative biochemistry, and indications for surgical intervention. All patients had a raised pre-operative serum PTH and many had more than one clinical indication for surgery. The most common were bone pain, significant biochemical/radiological evidence of bone disease, and hypercalcaemia. Median (range) follow up was 29 (0-70) months.
Operative technique
Preoperative imaging of the parathyroid glands was not routinely used. Patients underwent dialysis as required and received 10 mg of 1-a calcidol the day before surgery in an effort to prevent severe postoperative hypocalcaemia. All operations were performed by a single consultant surgeon with a standard collar incision. The strap muscles were retracted laterally and four parathyroid glands identified and excised. Thymectomy was not performed routinely if four parathyroid glands had been confidently removed. If this was not the case then a thymectomy was undertaken as the thymus is a not infrequent site of aberrant parathyroid glands. All resected tissue was histologically verified initially by intraoperative frozen section and subsequently using conventional histological examination. At the end of the procedure a central venous cannula was placed under direct vision into the right internal jugular vein to permit administration of calcium gluconate if required postoperatively. Before wound closure a cytostatic solution of chlorhexidine acetate 0.015% and cetrimide 0.15% (Baxters Health Care Ltd, UK) was applied to the operative field.
Postoperative care
The corrected serum calcium concentration was followed up every four hours for the first two days postoperatively and if this fell below 2.0 mmol/l then 10% calcium gluconate was givent at a rate dictated by the level, as described above. Patients were supplemented orally with 1-a calcidol/ calcichew tablets and the central line removed when no longer required. Serum calcium concentrations were assessed daily for a 7-14 day period until stable and thereafter at regular clinic follow up. The dose of 1-a calcidol and calcichew tablets was adjusted to maintain the corrected serum calcium within the normal range (2.2-2.6 mmol/l). The presence of bony symptoms at the most recent clinic appointment was recorded using a verbal scale consisting of four options (resolved, improved, unchanged, or unknown). Routine biochemistry was assessed at this time using standard auto-analytical techniques. Between 1994 and 1998 intact PTH 1-84 had a normal reference range of 0.9-5.4 pmol/l (Immuno-radiometric assay, Immunodiagnostic systems, Tyne and Wear, UK). This was changed to the Immulite 2000 immunometric assay in 1998 with a change in the normal reference range to 1.3-7.6 pmol/l. PTH is considered absent if there is less than 0.1 pmol/l detected using this assay.
Data analysis
Data were not normally distributed and results are expressed as raw numbers (%) or median values (range). Paired and unpaired continuous variables were analysed using Wilcoxon signed rank or Mann-Whitney U tests respectively. Categorical data were compared using Fisher's exact test. A p value ,0.05 was considered to be significant and 0.05,p,0.10 considered to have marginal significance.
RESULTS
Four parathyroid glands were excised in all cases. On one occasion identification of the fourth gland proved difficult despite an extensive neck dissection. In this case a thymectomy was performed and it was identified in the thymus on pathological examination. Histopathological assessment confirmed that most procedures removed four hyperplastic glands (n = 207). Eight parathyroid adenomas and one histologically normal gland were also identified.
Postoperative hypocalcaemia and requirement for long term supplements In the early postoperative period, a median of 2 (range 1-30) days after surgery, 41(76%) patients developed hypocalcaemia with the median lowest corrected serum calcium of 2.04 mmol/l and a range from 0.96-2.66 mmol/l. Twenty five (46%) patients required a 10% calcium gluconate infusion before stabilisation of serum calcium with oral medication. Patients were discharged with a median (range) daily dose of 7 (0.25-20) mg 1-a calcidol, which was reduced over follow up to current doses of 0.175 (0-10) mg. Oral calcium supplementation displayed a similar pattern with median (range) daily doses at discharge of 6 (0-16) Calcichew (Shire) tablets/day that had reduced to 0 (0-9) tablets/day at most recent clinic follow up.
Clinical and biochemical results
There were no re-explorations required for bleeding. One patient complained of a hoarse voice that resolved without treatment. Two patients died in the early postoperative period secondary to a chest infection and severe ischaemic heart disease. The overall clinical and biochemical responses to total parathyroidectomy were good. Preoperative bone symptoms were abolished or improved in 23 of 28 (82%) patients, no pathological fractures occurred, and the case of Epo resistant anaemia resolved. Preoperative hypercalcaemia, hyperphosphataemia, and an increased alkaline phosphatase were normalised or improved in 25 of 27 (93%), 31 of 45 (69%), and 29 of 33 (88%) respectively. Corrected serum calcium, phosphate, and alkaline phosphatase values were significantly reduced compared with preoperative values (table 1) Postoperative PTH and hyperparathyroidism Figure 1 shows the median latest postoperative PTH values that, as expected, had declined significantly after surgery. Serum PTH was undetectable (,0.1 pmol/l) in 13 (24%) patients. A further four patients who had an undetectable PTH initially had developed a detectable PTH (0.4, 0.6, 1.1, and 1.6 pmol/l respectively) over follow up. Thirty three (61%) patients had biochemically detectable serum PTH and although six of these had increased over follow up, all remained in the physiological range (1.3-7.6 pmol/l).
Eight patientss (15%) developed postoperative hyperparathyroidism, defined by a serum PTH higher than 7.6 pmol/l. One had persistent hyperparathyroidism (shown by supraphysiological PTH values in the immediate postoperative period) and seven developed recurrent hyperparathyroidism (identified by a PTH that increased above the normal range over follow up). In this second group the median (range) PTH at latest follow up was 19 (9.2-31) pmol/l. Two (4%) neck reexplorations were performed. The patient with persistent disease had ongoing bone pain with a PTH of 120 pmol/l. A parathyroid adenoma was excised from an area adjacent to the left lower pole of the thyroid producing a fall in PTH (latest 24 pmol/l) and resolution of pain. A second patient developed hypercalcaemia and a PTH of 102 pmol/l 24 months after four gland parathyroidectomy. At the initial operation one parathyroid gland was split perioperatively possibly accounting for these findings. At re-exploration a nodular hyperplastic gland was removed from an area adjacent to the right upper pole of the thyroid and currently the postoperative PTH is undetectable (,0.1 pmol/l). (50%) compared with 7 of 42 (17%), p = 0.02). The timing of parathyroidectomy in relation to renal transplantation had no significant impact on postoperative PTH.
DISCUSSION
Large series of both subtotal and total parathyroidectomy with re-implantation have been published in patients with ESRF 3 13 but there has been less interest in four gland parathyroidectomy without reimplantation. This study suggests that the medium term results from this approach compare favourably with other strategies.
Early postoperative hypocalcaemia was common but administration of 10% calcium gluconate via a central line placed perioperatively facilitated the management of patients before stabilisation with oral medication. In the longer term, doses of 1-a calcidol and oral calcium supplements were low. Furthermore, preoperative bone symptoms, serum alkaline phosphatase, and hypercalcaemia were improved or normalised in most patients. Minor residual PTH secretion was not uncommon, but there was a low prevalence of postoperative hyperparathyroidism (15%). The definition of recurrent hyperparathyroidism in the literature is inconsistent and varied with length of follow up but these results are similar to other smaller series of four gland parathyroidectomy without reimplantation (13%-43%).
14-16 Recurrent hyperparathyroidism may be more common after both subtotal and total parathyroidectomy with reimplantation (0%-80%). [16] [17] [18] [19] [20] [21] However, only one small retrospective study has attempted to compare all three approaches. Re-exploration of the neck for recurrent disease did not occur after four gland parathyroidectomy without implantation but was necessary on two occasions after the other strategies. 22 The proportion (24%) of patients with no detectable serum PTH postoperatively is similar to other smaller series of total parathyroidectomy without implantation (10%-22%). 14 15 22 23 During the embryological development of the parathyroid glands it has been suggested that microscopic islands ''rests'' of parathyroid tissue can be deposited anywhere along the descent of the glands from the third and fourth branchial pouches.
Hyperplasia of these microscopic ''rests'' attributable to the persistent stimulus created by ongoing ESRF may occur resulting in detectable PTH in the longer term despite four gland parathyroidectomy. 15 25 The presence of detectable but low postoperative PTH in many of the patients studied may reflect this. Furthermore, PTH increased over follow up in one third of these, four of whom originally had an undetectable PTH. Such findings may well mitigate concerns regarding adynamic bone disease because of a lack of postoperative PTH. There is little work in this area but one small study (n = 13) noted increased lumbar vertebra and femoral neck bone density after total parathyroidectomy without reimplantation (3.8 years mean follow up). 24 Concurrent thymectomy was not routinely performed if four parathyroid glands were removed in the current series. If less than four were identified then thymectomy was performed. This was based on the rationale that supernumerary glands are uncommon (only 2%-6% of patients have five or more glands 9 ) and not necessarily located in the thymus. This potentially controversial approach proved reasonable as only one patient had evidence of persistent hyperparathyroidism in the immediate postoperative period and on re-exploration a fifth gland was identified and removed without thymectomy. Furthermore, it is quite possible that some of the parathyroid ''rests'' responsible for postoperative PTH secretion lie within the thymus. Although bone densitometry evidence is limited, these may be important in reducing the risks of adynamic bone disease, providing a further argument against thymectomy. The second patient that required re-exploration developed recurrent hyperparathyroidism secondary to an area of nodular hyperplasia adjacent to the right upper lobe of the thyroid and this was also excised without thymectomy. It may have developed because of seeding into the wound after splitting of a gland in the perioperative period. This is an important technical point for the surgeon to observe as such seeding is a preventable cause of recurrent disease. Furthermore, because seeded cells do not have an intact gland capsule the appearances can potentially mimic neoplasia at reoperation. The use of cytostatic fluid over the operative field at the original procedure in an attempt to prevent seeding is anecdotal and in this instance proved ineffective.
The stimulus to secrete parathyroid hormone and develop parathyroid hyperplasia is considerably reduced after successful transplantation when renal function is improved. This may explain the trend towards a lower postoperative PTH and the significant number (6 of 12, 50%) of renal transplant recipients who currently have undetectable PTH values. Such patients may be aparathyroid for a decade or longer before recurrent renal impairment causes significant hyperplasia of remnant tissue. This may place them at greater risk of adynamic bone disease compared with the dialysis dependent population.
Four gland parathyroidectomy without implantation represents a pragmatic solution for ESRF patients with secondary hyperparathyroidism. However, it is possible that the optimal surgical strategy may be different in patients who plan to remain on renal dialysis indefinitely than in those who are awaiting or possess a functioning renal transplant. Theoretically four gland parathyroidectomy without reimplantation may suit the former more than the latter in view of the increased frequency of very low or undetectable PTH in renal transplant recipients. A prospective randomised trial comparing it with both subtotal and total parathyroidectomy with reimplantation would clearly help to resolve this. Ideally this would include bone densitometry to clarify the importance of adynamic bone disease.
